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CHARACTERISTICS OF MODERN HIGH-SFEED
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By Ralph W. Stone, Jr.
SUMMARY

The rolling-pullout maneuver has been shown to be pertinent and
possibly critical to the design of the vertical tail with regard to the
loads produced on it. The trends in airplane configurations and mass
distributions have been such as to emphasize the critical nature of the
maneuver, and more exact calculations of the maneuver for adequate estlma-
tions of the verticsl-tall load appeear to be required. Because extensive
studies of the maneuver are not availeble and necessary calculations of
such maneuvers depend on the stability and control derivatives used, an
analytical study was undertaken to assess the significance of various
yawing-moment stebility derivatives on the sideslip angles attained in
rolling pullouts. Some effects of oscillastions in the sideslip angle
during a rolling pullout on the variation of the vertical-~tall load were
also studied.

The results of this investigation indicate that the dlirectional-
stability derivative Cn i1s the most critical of the yawing-moment
B
stgbility derivatives with regard to an adequate estimation of the
vertical-tail load. The adverse yewlng-moment coefficient due to aileron
deflection C, & the yawing-moment coefficient due to rolling (cnp 5

s =)

8
and the coefficlient of the damping in yaw c@r) are less critical to

an accurate estimation of the vertical-tall loéd than C, 1in the order

B
given. For airplane configurstions end mass distributions different than

those studied, some of these derivatives may be more critical, and expres-
sions for estimating the effects of possible changes or errors in these
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derivetives on the maximum angle of sideslip are included. As has been
noted in the past, the mass dlstribution of modern high-speed airplanes
has an Important effect on the maximum sideslip angles attained in rolling
pullouts and its Influence cannot be neglected. In rolling pullouts an
oscillation in the sideslip angle which is influenced by piloting tech-
niques is set up and pesks in the oscilletion of sideslip angle subsequent
to the flrst may cause larger vertlcal-tail loads than the first.

INTRODUCTION

The rolling-pullout maneuver (any meneuver in which rolls occur
during high g flight conditions) has been shown to be pertinent to design
considerations from the standpoint of the loads produced on the vertlcal
tail (refs. 1 to 3). The more recent work related to this flight condi-
tion (ref. 3) has indicated that for modern high-speed airplanes, partic-
wlarly those with mass dlstributed primarily along the fuselage, the
simplified expressions used in the past (ref. 2) for adequately estimating
the meximum sideslip angle in a rolling pullout generally asre not appli-
cable and that more complete methods of estimating the sideslip angle
and vertical-tail load are necessary. '

Recently some concern has been indicated as to the degree of accuracy
needed in estimating or measurlng the stability and control derivatives
used for calculating rolling-pullout maneuvers so that the variations in
sldeslip angle and vertical-talil load may be estimated with sufficient
accuracy. In order to understand this problem better, the results of an
anglytical study of the effects of large veriations of some of the lateral-
stability-derivative coeffliclients on the maximum angle of sideslip at the
first peak of its oscillation are presented in this paper. Also, expres-
sions for estimating the effects of small varistions of or errors in
these coefficients on the meximum sideslip angle have been developed and
.are presented. This analytical study was made for a modern high-speed

-airplane in a 6g rolling-pullout maneuver. Three different mass distribu-
; tions were considered in the study. '

Some concern has also been indicated recently regarding the oscilla-
tions in the sideslip angle and as to whether larger slideslip angles and
vertical-tall loads might be encountered in such oscillations subsegquent
to the time of the first peak. Although the problem seems to be closely
associated with piloting techniques used the results of a study of some
factors influencing these osclillations are also included in this paper.
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COEFFICIERTS AND SYMBOIS

The motions presented herein were calculated primsrlly sbout the
stability system of axes. A diagram of these axes showing positive
directions of the forces and moments 1is presented in figure 1.

c 1ift coefficient, —L
L 1 pV28
2
C lateral-force coefficient, 4
2
Cc rolling-moment coefficlent, L'
L | L w250
2
c pitching-moment coefficient, M
m 1s2an
=pV<gc
2
C yawing-moment coefficient, N
n 15vPs
=n b
2
Ci1 By increment of rolling-moment coefflcient caused by
8y alleron deflection
Cn Sa increment of yawing-moment coefficient caused by
Bg alleron deflection
L . lift, nW, 1b
Y lateral force, 1ib
L’ rolling moment, ft-1b
M pitching moment, £t-1b
N yewing moment, ft-1b
S wing aree, sg ft
b wing span, ft

o] 2ir density, slugs/cu ft
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velocity, ft/sec

moments of inertia asbout X, Y, and Z principal axes,
respectively, slug-ft2

moments of lnertia about X, Y, and Z stability exes,
respectively, slug-£t°

product of inertia (positive when principal axis is
inclined above Flight path), slug-ft°

relative density coefficient based on span, m/bSb
mass of-airplane, W/g, slugs

weight of ailrplane, 1b

acceleration due to gravity, 32.2 ft/sec?

normal acceleration divided by acceleration due to
gravity

angle of attack (ta.n'l % in body system of a.xes) » deg

angle of sideslip, sin~t %, radians except when

otherwise noted

inclination of principal longitudinal axis of Inertia
with respect to flight path, deg

components of veloclty V along the X, Y, and 2 body
sxes, respectively; v 1s also component of V salong
Y stability axis, ft/sec

angle of pitch, radians

engle of yaw, radlans

engle of roll, radians except when otherwlse noted

rolling sngular veloeclty, radians/sec

pitching angular velocity, radians/sec

yewing esngular velocity, radians/sec

rate of change of angle of sideslip with time
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¢ rate of change of rolling angular velocity with time
; - rate of change of yawing angular velocity with tine
ac
c, = L
B OB
ac
cn=_n
B OB
ocC
cY=_X
B OB
3¢,
o :
o=
2v
c. =%n
L _
2V
oc
Cz =—b} -
r T
v
c, . - ¥n -
T arb
2v

METHODS OF ANATYSIS

Analysis of Influence of Stebility Derivatives

This analysls was based on a treatment of the three linear lateral
equations of motion. The effects of cross coupling of inertis moments
which occur in rolling motions during pitching meneuvers, however, were
included by assuming a constant pitching veloclty to exlst for any one
calculation. By assuming a constant pitching wveloecity the cross-coupled

=
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inertia moments, as influenced by pitching in the lateral equations,
could be Included in the lateral equations and these equations would
still be linear. The cross-coupled inertia terms appearing in the
yawing end rolling equations are, respectively,

<Ix - Iy)éq'l
and
(-9

These terms are thus only functions of d and * (assuming constant 6)
and were included as additlons to the Cnp and Cz terms in the linear
r _

lateral equations. These equations so modified are

. . : IY‘Izzvetlrb _

2

(1=)

IV + If - [C B+(c +IX_IY2V9>¢"+C o, g "c‘ilp =0
XZ - p L al ~ =

ng o, 2V23b 2y np 2v B, |2
(1b)
mv(é+q})-< ¢+c;9 v3s =
(1c)

As is evidenced in reference 3, however, the pitching velocity
generally is not constant, particularly in rolling pullouts. The method
outlined above, therefore, is only indicative of the effects of cross
coupling of lnertia terms and does not give precise results.

c
In equation (lc) the term ?% % st represents the welght of the

airplane and ¢ is a substitution for sin ¢ necessary for linearization
of the equations. This later substltution common to all lateral-stability
work is only approximste for the work treated in this paper where the
angle of roll ¢ at the time of maximum sideslip angle £ 1is of the

- order of from hoo to 6o° In addition it is assumed that the aerodynamic



NACA RM 153G21 P 7

derivatives expressed as partials are adequate for_the large motions
experienced during the rolling-pullout meneuvers.

Analysis of Effects of Osclllation

This analysis was based partly on a calculation of a 6g rolling
pulliout by the use of a step-by-step procedure presented in reference 3.
For this calculation it was also belleved that a variatlon in velocity
or dynamic pressure should be considered in that en airplane would be
slowing down because of the high drag associated with high g flight.
This change in velocity was estimated on the basls that a deceleration
existed proportionsl to the increment of dreg between lg and 6g flight.
The veloclty change was based on the equation

av 1 w25
m =t + ACp = = 0
at Zdv
from which
2myV,

"~ ACppSV, t + 2m
where V, dis the initial velocity.

Additional analysis was based on the linesr lateral equatlons of
motion previously discussed (egs. (1)), which were used to make calcula-
tions for several different constant plitching wvelocities.

CALCULATIONS

The calculations presented in this paper are for a modern high-speed
type of airplane having characteristics the same as those of alrplene A
of reference 3. For all conditions calculated by the use of equations (1), a
constant angle of attack of 13° was used. For the calculetions to deter-
mine the effects of variations in some of the stability derivatlves, the
airplane was assumed to be in a 6g pullout, as previously noted, at the
time of rolling and a corresponding constant pitching veloclity of
0.179 radiasn per second was used. The calculations were made to deter-
mine the value of the sideslip angle at the first pesk of its oscilla-
tion. Three -mass distributions were used, one in which the mass was

I
heavlly distributed along the fuselage —E9-= 12) , one simulating the

x,

SO
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I

Z,
mass distributions common in the past [—2== 3 ; and an intermediate:
T (o]
value Zo = 6]. The stability and control coefficients<used for the
Iy . _
o}

calculations are presented in teble I. The mass characteristles for the
three mass distributions are presented in table II. The effects of varying
the stability-derivative coeffilcients Cnp, Cnaasa, CnB, and Cnr

were determined for each of the three mass distributions. The variations
used for these coefficients are presented in table I. These derlvatives
are those which have been considered generally important to the sideslip
angle in rolling maneuvers in the past (ref. 2). When calculating the
effects of varying each of these coefficients, all the others were held
constant at thelr besic values.

In order to check on the possibility of having lerger vertlcael-tail
loads at pesks in an oscillation In the sideslip angle subsequent to the
first, consideration was given to results presented in reference 3. These
results (for a 6g rolling pullout) indicate a rapidly increasing value
of sideslip angle subsequent to the first peak in B and at the end of
a 90° roll. Since a pilot might roll further than 90 these calcula-
tions were extended past the second peak in the oscillatiqn of B. As
was previously noted, consideration of a possible change in velocity was
also made. This calculation was based on the sirplane basic condition

I
listed in table I and for the mass distribution where Egﬂ = 12 (table II).
Xo

In order to understend better the oscillations in sideslip angle
and how they are affected by pltching velocity as exists in a pull-
out’ or high g maneuver, the effects of Increasing the pitching veloc-
ity & in equation (1) were also investigated. Pitching velocities of
from O to 0.716 radian/sec were investigated. The conditions for these
calculstions were for the airplane having the basic coefficients listed

Iy
in table I and for the mass dlstribution where —2 = 12.

%,
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RESULTS AND DISCUSSION

Some Genersl Considerations of Sideslip in Rolling Maneuvers

Since the mass distribution of modern airplanes has been shown to
have an important effect on the sideslip angle in rolling’ maneuvers
(ref. 3) -and the mass distribution was apparently of only secondary
importance for airplanes of World War IT type with regard to sideslip
in rolling maneuvers (refs. 1 and 2), some simple general considerations
concerning the variations in sideslip are presented herein to aid in
understanding the problem before the resuwlts of this paper are presented.
Qualitative variations in sideslip for different alrplene conditions are
shown in figure 2. If in the absence of other aserodynamic forces and
moments a rolling moment was applied about the X stabllity axis and if
all moments of inertias were very large except for the roliling moment of
inertis (IXO), the alrplane would roll gbout ite. X principal esxis such

that the variation in 3 would be approximately 1 sin ¢ and at 90O
of roll the angle of sideslip would be egqual to 1 (the original angle
of attack of the principal axis), whereas this original angle of attack
would go to zero. This fact, however, is only part of the problem in
that serodynemic yawlng moments are alse acting. If the airplsne had no

directional stability Cnﬁ =0 but had adverse yawing moments such as
exist from aileron deflections (bnﬁ Sa), rolling“_<;np g%), and cross-

coupled inertia moments [K;X - IY)éQJ, increments in 8 would be added

to the variation, 7 sin ¢ such that the upper curve of figure 2 would
be obtained. Dlrectional stability (CnB) will reduce the sideslip angle

from that given by the upper curve and cause an oscillation in B.
Increasing amounts of directional stability reduce the esmount of sideslip
at .the first pesk as shown in figure 2. The first peak in [ occurs at
a time equal to about 1/2 the period of the natural lateral oscillation
of the airplane. Increasing values of directional stability (Cng

reduce this time so that the first peak in S occurs at a time when
less possible ultimate B exists; in addition, more yawing acceleration
to reduce f prior to this time is provided.

As previously noted, upon spplication of a rolling moment about the
X stability axis and in the gbsence of other aerodynamic forces and
moments, the variation of the sidesllp angle would approximate 1 sin ¢
only if the moments of inertia IZO and IYb were very large relative

to IXO’ and if the angle of attack went to zero at 90° of roll. If,
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however, the pllot maintalned a constant angle of attack during the
rolling maneuver, then for the conditions of an sppllied rolling moment
sbout the X stabillty axis, in the absence of other aerodynamic forces
end moments, as previously discussed, the varistion of B would be )

be the case for any mass distribution even where I, andi Iy were not
(o} o
large relative to IXO‘ Under these conditions, the effects of the’yawing

moments Just discussed with relation to the variation 7 sin ¢ would be
added in the same sense to E%g ¢. Variations of E¥Z ¢ for the mass-
: zZ

distribution conditions treated in this paper are shown 1n figure 3.

Presentation of Results

The results of the caslculations showing the effects on the angle
of sideslip, at the first peak, of varlations in the yawing-stability
derivatives are shown in figures 4 to 7. The effects of changes in the
directional-stebility derivative CnB with relation to some genersl

considerations previously discussed are shown in figure 8.

The results of the calculations which were extended to show the
effects of oscillations in sideslip are shown in figure §. The results
of calculations showing the effects of increasing values of pltching
velocity on the latersl oscillations as affected by cross-coupled inertia B
moments are shown in figures 10 end 11. -

Effects of Variation of Some lateral-Stability Coefficlents

For the convenlence of the reader who may find it necessary to meke
estimations of stability derivatives for calculating rolling-pullout
maneuvers and vertical-teil loads, a list of references (refs. 4 to 16)
is included. These references indicate procedures for estimating deriva-
tives for both subsonic and supersonlc conditions and Include experimental
results for some recent measurements of directional-stability derivatives
at supersonic speeds.

Effect of Cnp.- The effects on the maximum angle of sideslip shown

for an extreme variation in C (0 to -0.26) are not large for the

“p .
COMPIBENENS
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configuration and mess distributions investigated (fig. k). The incre-
mental effects of CnP are about the same for each of the three mass

distributions (approximastely 2/3° for the range of cnp studied); however

as a percent of the total sideslip angle the effects become larger as the
I
mass distribution changes from igi—: 12 to 3. In calculating rolling

motions to estlmate the sideslip engle and vertical-tail loed an estime-
tion or measurement of C_ , therefore, is more critical for cases where

the mass is distributed more evenly along the wings and fuselage than
for cases where the mass is distributed primarily along the fuselage.
In addition previous studies (ref. 2) for World War II type airplanes,
for which the mass distributions were such that IZq/IXo was of the

order of 3 or less and for which the wing had a more dominant influence
on the stebility derivatives than do the low-aspect-ratio wings of current
airplenes, indicated that C had an even more lmporitant influence on

p

the meaximum sideslip angle than for the conditions presented herein.

An expression for use in evaluating the effects of posslble errors

in C

fp
t

pVSb2 e Bmax

AR = -

1s developed in appendix A esnd should be gpplicable to the general case.
An application of the expression to the cases shown in figure 4 gives
increments in B almost the same as sre given by the complete solutions
of ‘figure 4. The effects of very large increments in Cnp, as might be

introduced artificially for auxiliary damping of lateral motions (see
ref. 17), cannot be estimated by this simple expression.

Effect of Cns B, .~ The effects on the maximum sideslip angle of a

a
relstively large variation in Cng 8, (0O to -0.0070) became larger as
a

I
the mass distribution was changed from EZQ-= 12 to 3 (fig. 5). The
Xo
total increment for the entlre variation of Cna Sa represented about
a

20 percent and 7O percent maximmm B (at Cns Sa = 0) for the mass
a

e
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distributions when IZq/&X was 12 and 3, respectively. Thus estima-
0

are more critical in estimating the

tions or measurements of C 3]
n5 a.

a

vertical-tail load for mess distributions where the weight is distributed

along both the wing and fuselsge than for mass distributibns where the

weight 1s primarily along the fuselage. For World War II type ailrplanes

Cn8 Ba has been shown to have an even more importent influence on maxi-
La

I .
mum B (ref. 2) than is shown for the case where EEQ = 3.

Xo
The expression developed in appendix A
t 2
rs = - OVED (o)”
2Tz ng, a 2

is applicable to the general case for estimating possible effects. of
errore in Cna 8g5. An applicatien of the expression to the cases shown
a

in figure 5 gives & conservative estimate of a possible error, when this
error is in a direction to increase Bpgy-

Br

to be an important féctor in previous simplified expressions for estimating
the maximum sideslip angle in rolling meneuvers (refs. 1 and 2). The
results shown in figure 6 of the effects of large varistions in Cnr

Effects of . CnrlJ The damping derivative C has been shown not

substantiate this point. Variations of Cnr from -1.090 to -0.2725

did not appreclasbly affect the sideslip angle for any of the mass distri-
butions. An expression for estimating possible effects of errors in Cnr

is included in appendix A. This study was not sufficiently extensive to
cover the possible case of large damping obtalned by artificial means

vhich might be used for some airplanes. The effects of Cnr may not be

smell for such cases.

Effects of Cnﬁ.- Changes in the directional-stebility derivative

Cnﬁ had a very large effect on the meximm sideslip angle for all mass

distributions (fig. 7). This result is in agreement with previous studies

Svmananeunl



NACA RM L53G21 L _ 15

(refs. 2 and 3) which indicate = dominant influence of Cn . Variations

B I
in Cn were most critical for the mass distribution for which Zo 3.
B - o
For this mess distribution, reducing C, 1o one-fourth 1ts value increased

B
the meximum sideslip angle by 2% times. For the mass distribution where

I .
Z

E—Q-= 12, the meximum sideslip angle wase increased by only 65 percent.
%o

The maximum sideslip angle, therefore, i1s not inversely proportionsl to

Cn as previous simplified expressions (ref. 2) might indicate. The

proximity to inverse proportionality becomes less as mass is distributed
more elong the fuselage. Thus, larger values of dlrectional stebllity,
although leading to smeller sldeslip angles, do not necessarily lead to
smaller vertical-~tail loads in rolling mesneuvers. For example, the air-
plane used in these calculations has unstable wing-fuselage directional
stebility C, = -0.0015. If in reducing C, from 0.0065 to 0.0016

B
the assumption is made thet only the area of the tall is changed in pro-
portion to the change in the required contribution to directionsl sta-
bility of the tail, then the load carried on the normsl tail (bn = 0.0065)

B

at meximum B (5.08°) when the mass is distributed mainly along the

I
fuselage E§Q-= L% will be about l% times the load carried on a small
. Xo ]
tail (cn = 0.0016) at its meximum B (8.37°) for the same mass distri-
B

bution. If on the other hand the maximum sideslip angles were inversely
proportional to the directional-stebllity derivetive C, , as they tended

to be for World War II type airplanes and mass distributions, the large
tall, for this case, would have carried a load of about 65 percent of
that of the small tail.

Because of the very dominant role of C, no attempt has been
B
made to develop an expression to determine the effect of possible errors
in it. Relatlvely high accuracy in meassuring or estimating Cn appear
B

ST
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essentlal to a reasonable estimation of maximum sidesllip angle and the
vertical-tall load.

Figure 8 shows the variations of B, through its maximum value, with
angle of roll ¢ (where ¢ is a time varisble) in relation to the varia-

I
tion .2 ¢ and 17 sin ¢ which were discussed previously as concepts
T .
Z
of the varlation of B based on the inertia characteristics oif the air-

I :
plane. The relations of the variation of B with TEE @ tor each of
Z

the three mass distributions, each with three wvalues of Ch » are similar;

whereas the varistions of B with relation to 7 sin ¢ change progres-
gsively as IZq/iX is decreased from 12 to 3.
o}

Effect of mass distributlon.- The most noticeable effect shown in
figures 4 to 7 is that of mass distribution. For the condition of large
directional stability (cn = o.0065), in figures 4 to 6 and for one

B

point in figure T, redistributing the weight from a value of the ratio

I - _

I—Za = % to & value of 12 nearly doubles the maximm sideslip angle end,
Xo

thus, the vertical-tail load. This effect of loading is not lncluded in
the simplified expressions of references 1 and 2 and is a primary reason

why these expresslons do not adequately estlimate the maximum sideslip
angle for modern high-speed alrplanes.

Effects of Oscillation in Sideslip Angle on Vertical-Tail Load

The results of the calculations shown In figure 9 indicate that
the vertical-tall load can be larger at the second pesk of an oscllla-
tion in the sideslip angle than at the first peak during s rolling pull-
out. The results show a 20-percent increase in the sldeslip angle and
an approximate lO-percent decrease in dynamic pressure with a resulting
increase in vertical-tail load of 10 percent. For these results the
elevator was held fixed throughout—the msneuver. In the varilation in
velocity shown, no consideration is made of posslble changes in thrust
or changes in gravitational force along the wind axis which might occur
as the airplane reorients itself 1in space. The variatlon in velocity
may therefore be unconservative. The angle of attack at thé time of the
second peak in B was somewhat larger than the angle of attack at the
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start of the motion. This factor causes an increase in the sideslip
angle. If a pllot asttempted to maintain a constant angle of attack,
forward motion of the stick would have been required at the time of the
second peak in B. The reduced angle of attack and any chenges in
pitching velocity associated with forward stilick motion would, of course,
Influence the magnitude of the sldeslip angle at the second peask. No
method exists, however, of evalusting what the piloting techniques in s
rolling pullout will be, and thus whether the first or subsequent pesks

in B are critical to the vertical-tail load depends on the individual
case. It 1s belleved that the effects of chenges in the varlous stability
derivetives previously discussed relative to the first pesk in the oscilla-
tion in B wouwld also be applicsble to subsequent pesks, but no proof

of this belief has been attempted.

Becguse of the possibility of larger vertlcal-tall loads at times
in a rolling-pullout maneuver subseguent to the time of the first pesk
in B8, a study of the effects of changes in pltching velocity on the
oscillations of the sideslip angle was made. The results (fig. 10) show
that the effect of increasing the piltching veloclty is to increase the
sideslip angle at the first pegk and reduce the stability (fig. 11).
This result is in ggreement with results of reference 3 which showed
that the inclusion of the effects of pltching Increased B at the first
peak. Positive stability exists for all pitching velocities except for
the lergest pitching velocity (6 = 0.716 radian/sec). The sideslip
angle is larger at the second peak, however, for the case where
0 = 0.537 radians/sec even though the airplane does have positive sta-
bility. This is primerily the result of the non-osclllatory part of B
(fig. 10(b)) which increases positively with time when pitching exists.
The variations In B which would exist if B was merely oscillating
gbout zero are shown in figure 10(c) end indicate reduced values of B
at the second pesk except for the unsteble case. It 1s concelvable
that if the pitching velocity increased with tlime the variation of 8
with time would tend to shift from one curve to another in figure 10(a)
with the relative possibility of larger .sideslip angles at the second
peak. If the angle of attack was also allowed to increase with time
the second peek could be lerger by the mere expedient of 1 sin ¢ or

I . . _
—EE-¢ being larger than if the angle of attack remained constant.
I

Z

The 6g pullout condition treated in this paper has & pitching
velocity of 0.179 radian/sec at the beginning of the motion. It should
be pointed out however that the pitchling veloclity 8 is not uniquely
defined by the normal acceleration In a rolling-pullout maneuver and
it is possible that much larger values can exist when rolling and side-
slip are present. For the rolling-pullout case treated in reference 3
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the pltching velocity (initially 0.179 radian/sec) reached a maximum of
sbout O.44 radian/sec. A brief explanation of this effect is given in
appendix B. '

CONCLUSIONS

An snalytical investigation of the effeg¢ts of variations of the
yawing-moment coefficlents on the maximum sideslip angle during rolling
pullouts and the effects of oscillations of the sideslip angle on the
maximum vertical-tail load indicates the following conclusions:

1. The directional-stability derivative C, 1s the most critical
B
of the yawing-moment stability derivatives with regard to an adequate
estimation of the vertical-tail load. The adverse yawing-moment coeffi-
clent due to aileron deflection (Cn Sa), the yawing-moment coefficlent
o]
a

due to rolling <Cn ), and the coefficient of the damping in yaw ’Cn )
p (=
are less critical to an accurste estimation of the vertical—tail load
than C in the order given.

B

2. For airplane configurations and mass distributions different
than those studied, some of these derivatives may be more critical, and
expressions for estimeting the effects of possible changes or errors in,
these derivatives on the maximm angle for the general case are included.

5. As has been Indicated in the past, the mass distribution of
modern high-speed airplanes has an important effect on the meximum side-
slip angles attained in rolling pullouts and its influence canrot be
neglected.

k. In rolling pullouts an oscillation in the sideslip angle which
is influenced by piloting techniques is set up. As a result of this
condition, peeks in the oscillation of sideslip angle subsequent to the
first may cause larger vertical-tail loads than the first.-

Langley Aeronauticsal Laboratory,
National Advisory Committee for Aeronautlcs,
Langley Field, Va., July 17, 1953.
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. APPENDIX A
’ DERIVATION OF EXPRESSIONS FOR ESTIMATING EFFECTS OF DERIVATIVES

The calculaetions presented herein are for a limited number of con-
ditions and the results may not be generally appliceble to every ailr-
plane configuration or condition. Accordingly simple expressions have
been developed to determine the possible effects of errors in some of
the lateral-stability-derivative coefficlents on the meximum sideslip
angle for the genersl case. The development of these expressions is
based on the assumption that variation of sidesliﬁ angle f wilth time
has been calculated by complete methods and therefore that the maximum
sideslip angle and the time to reach this angle are known. With this
information known, the effects on the maximum sideslip angle of possible
errors in the derivatives used to calculate the motion can he estimated
approximately by these expressions. Certaln limitstions regarding these
expresslions are also given.

From equation 1(e¢), by dividing by mvV, rearranging, and integraiing
a value of B may be written as follows:

. _
B=J; K%¢+CYBB)%§S--¢&—, (A1)

where from equation 1(b) (by similar procedures),

»
p—— ——

. pt : ; Izg, v Iy - Iy -
\y=f (cna+cn 9‘3+cn 3’2%+c Sap_v@__xg + X ° Y §glan
0 B p&  r %, ) Tz Iz Iy

(a2)

Tncrements in B due to ¥ in eguation (Al) might therefore be
obtained approximately by substitution of equation (A2) into equation (Al)
as follows:

P T 'fotfot

Iy .. - I, ..
—}g¢+lx—_lfe¢ dt dt (43)
Iz Iz,

i oVosb
C, B+ C +c, Lic s
( B "pav frav Ty 8 2l

S

o—



18 COnnERSnan NACA RM L535G2L

which can be broken into component parts as, for example, - o : .

b pVoSb 4 )
f f E oI, ¢dt dt (Ak) N
t At
- - pVZSb at
08 <Cnaaa % /; L Cna:a T, at _ (a5) _

Now if the limits of these integratlons are the time at which B,..

occurs, increments in B, relative to Bmexs Will be obtained. Further
if it is presumed that some error in Crlp and C, B8, exlsts (/_\Cn
5 P
a
and AC, 8a>, then the effect of this error on the meximum value of f
58, . -
in terms of an estimated increment in and
* (Peng) = e, ))

can be obtained by the following equations:

2 t t
28 - - B fﬁm‘”‘f a4 4t as (46)
(Acnp) ¥y  pd g o at -
and
A8 _ _esev? 5 f f at at (A7)
(Acnsaaa) 2T, oa®

where tg is the time at which meximum B (at the first peak) occurs.
In equation (AT) » Og 1s considered to be = constant and 1s thus removed

from under the integral sign, because 1t is assumed that the ailerons
are instantaneously set to a fixed deflection at zero time.

Solution of equation (A6) requires an expression for Q-Q Equs-~

tion 1(a) indicates that —g and therefore aq is a rather complicated
dt
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function. The integral

t Pt t pt
ff El-gdtdt=ff a¢ at
ovYo ovo

however is proportional té the area under a curve of ¢ against time.
Thus an spproximation giving the best variation of ¢ with time to that
originally obtained could be used. If as an approximation the rolling
angular acceleration was assumed to be constant, then

dta dt 2

t L t pt :
f f igdtdt=Kf f t at at = K&
0 0 dt o) 0 é
t pt a
With this assumption the definite integral f f ﬁ dt 4t becomes
0o Yo

t pt -
ff ¢ ot at = g &
o Yo 4t >

and if 1imits of O and tB are used, then equation (A6) is
max

2 t
- _ pSp7V Bmax
= - 20 A8
8 (ACnP) 41, I'p ¢Bmax 3 (28)
and integration of equation (A7) gives
2
t
pS’bV2 ( B )
0B = - fa o 5 X HAxX/ A

Equations (A8) and (AQ) are the simple expressions presented in
the body of this paper for use in eveluating the effects on Buax ©OF
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possible errors in Cnp and Cns 85+ If the variation of ¢ wused in
a

2
integrating equation (A6) to obtain equation (A8) ¢ = EZ— does not

closely represent the variation actuaslly obtained, some other variation
such as = Kt mlight be considered or the actual ares under a curve
of ¢ agalnst time could be used.

This approach may alsc be used to evaluate the effects of other

factors in equation (A3) in order to determine the effects of changes in
Iyp, Iy - Iy, and Cnr' These effects may be expressed as

28 (a1x7) f tha‘"f XZ g at at = ——X- PBa (a10)
e - ] ‘fotﬁ‘““fo ‘L——z e

and 1f the same variation in ¢ as was used in equation (A8) is assumed,

ATy - Iy t
M@Ix-@[h‘(%z_—l%wﬁm o

which would be true only 1f © was approximastely constant and when the
variations in ¢ are subject to the same conditions indiceted for equa-
tion (A8). Also,

t
Aa(mnr) nT 1{-Iz f Bmaxf = at at

and if a variation in ¥ of a form similar to that assumed for ¢ is
assumed and subJject to the same limitations, the following equation is
obtained:

t
B

08 = - A P_Slgqu max (A12)
(Acnr) Ny 4TIz Bmax 3
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A1l increments presented presume that & motion has been calculsted
by accurate methods and therefore that ¢B > Tp » end By, 8are

known. It is further presumed that small changes in the derivatives,
which would represent possible errors, have an epproximately linear
effect on the meximim sideslip angle. The conditions presented herein
(figs. L to 6) indicate such an approximgte linear effect for even rela-
tively large changes in Cnp: CI1 8., and Cn . It should be noted,

(s]

r
a

however, that if the Increments in the various derlvatives consldered

are such as to cause appreciable changes 1n the period of the oscillatory

motion of B and if in the expressions presented where integrals of d

or 1its derivatives occur, the incremental change in the particular derive-

tive under consideration (a.s for example Cn) hes an apprecigble effect
o)

on the veriation of ¢ with time, the expressions lose significance.
Such changes in the wvarlation of ¢ would occur probably only if the
real root of the characteristic equation denoting the damping in roll
were gpprecigbly affected by the incremental change in the derivetive
(see ref. 17). 1In eny event it is believed that equations (A8) to (A12)
may be used to give an spproximate quantitative effect of reasonsble
errore in these derivatives. No attempt has as yet been made to evaluate
the effects of possible errors in the stability derivatives relating to
the rolling moment.
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APPENDIX B

EFFECT OF SIDESLIP AND ROLLING ON THE PITCHING VELOCITY

The fundamental equation for the normel force 1is . (B1)
Fy = m(Ww - ug + vp)
where u, Vv, and Ww are components of the velocity along the x, Y,

and z axes, respectively, q 18 the pitching velocity, and p 1is the
rolling velocity. In the stabllity system of axes,

Ww=w=20
u=YVcos B
v=Vsin g
and
q=7

where & is the rate of change of the flight-path angle. The force Iy

in the stability system of axes is the sum of the aerodynamic 1ift L
and the weight component along the Z-exis. Equation (Bl) thus becomes

L - Wy = m(V cos By - V sin Bp) (B2)

If B is assumed to be approximately equal to sin f asnd cos B is
assumed to be gpproximately 1, equation (B2) becomes

R - W
5=z, g (B3)
mV

The sum of the angle of attack and flight-path angle equals the
angle of pitch, and 1f the angle of attack is held constant, 6 = Y,
so that s the pitching wveloclty, is equal to equation (B3). Thus
any positive value of gp edds a centrifugel force to the 1ift which
csuses an increase in the pitching velocity even though the angle of
attack end 1ift are held constant.
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TABLE I.- COEFFICIENTS EMPLOYED FOR CALCULATIONS

[E%rodynamic characteristics are referred to stability axgE]

Basic Modified
Wing area, s £t « « « . . 166.5
Wing span, ft .« « « « « & 22.7
Clﬁ, PEY AZ o« « o o « o o -0 .0032
an, Per deg « + + ¢+ o . 0.0065 0.00325 0.001625
CY sPer deg « . . ¢ « o -0.015
B
CLP, per redian . . « o . -0.225
CnP, Per I‘adian. . . . [ - -0.13‘0 o -0-26
CZI‘, peI‘ I'a.d.ian *® e o e o 0-235
Cnr sper radian .« « ¢ o . =1.090 =0.545 -0.2725
czaasa Y . e e L) . . - . . 0-0197
Cna aa . . - . L] - . L] [ ] ] -0-0035 0 -0-0070
a
CL L ] L] - - L] . - . - L - L] 0l78




TABLE II.- MASS CHARACTERISTICS

Moments and products
f Moments of inertia of inmertia, about

about principal axes, stability Z.xes,, IZo

Ajrplane relative _pp2 s8lug-ft
Tosding|#e18%s | sensity coefficlent, slug-rt™ ’I;"

" (

a) o

I I I

ol %] % | %% |

1 |20,88 TL.9 5,361 163,971(65,559| 8,435(63,971|62,550 {13,200 12
2 |e0,828 T1.9 10,950 |58,402165,559 |13, 760 58,402 163,050 11,970} 6
3 |20,828 T1.9 21,900 |47,452|65,559 |2k, 080| 47,452 (63,480 | 9,580 3

®ngle of attack assumed. constant at 13°; body and principsl axes were assumed

to coincide.

o2

TSOESET W VOVN
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Projectionof
relative wind

Figure 1.- Sketch depilcting the stebllity system of exes. Each view
presents a plane of the axes system as viewed aslong the third axls.
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Angle of sideshp, 8

0

Angle of rol/

Figure 2.- Qualitative variations in angle of sideslip for different
airplane conditions.
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Figure 6,- Effect of variations in Cnr on the angle of sideslip at
the first peak of its oscillation.

Lz,
6"' IXQ
/&
e m—
S
— —— — 6 -
4—___,____
3-—
3_ _ _ - - -
2k
/F
O ! 1 | | 1 | 1 A i { .
il -L0 -9 -8 7 - 25 -4 -3 -2 -d
Cn
n

3¢

1SDeCT WE VOVN



5N NACA RM L53G21 e 3 _ 33

. or
8_
7L
6
> B
kv
X 5
N
Q
g
<
< T
~
N\
Q 3l
- 2_
yan
'i‘nzsn'rf
1 —1 1 | 1 1 1
Q 00/ .002 003 .OCOo£ 005 .006 007
G,
. "¢
Figure 7.- Effect of variations in CnB on the angle of sideslip at
" the flrst peak of 1ts oscillation.



/2
e < nsing
/0 7 P
o Zos /2 - L
(0) 2o /N Jug
8k V72
‘4 Cn
& /\ e
8" TN 00/625
o p7/
~ 6 7 \
B, / 00325
V/
Y
- y
y
7 0065
2
--
1 i 1 i ] | | i
[ /0 20 JC 40 S0 60 70 &0
@, deg

Figure 8.- A comparison of the variation of the angle of sidesllip near

I
the first peak of its osclllation with the verietions of 'IE @
2

and 1 sin §.

TSDEST WY VOVN




g, deg

/e

/0

Sin
// 7 ¢
Iz, .
(b) I:o_ﬁ e
/s Txz
// 7‘2‘@

//7 Y\\\ Ch
s 00/685

4 N
/ N
//
/
00325

/0 20 B30 <0 SO 60 70 8O
@, deg

Figure B.- Continued.

TSDeST W VOVN

Ge



@, deg

=

/0

//<-7 sing
rd
-
) Lz-3. y
Ixo ”
/
.7 Lxzg
/ Iz
/
/ / Ch
i - A\ 6
/ / 001625
/
/ e
/ _ ~ 008325
Vi -~
;o
/
/ 0065
//
/ -

l | ! | L 1 )

}
/0 20 S0 <0 SO 80 70 &0
¢: deg

Figure 8.- Concluded.

TeDeST WE VOVN




NACA RM I53G2L SolESRENEEN. 37

S~
|
|
Sl |
> i
S 4 |
@ l
l
a2l I
|
|
o |
|
|
|
|

Time to roll 90°-’1

|
6x10° :
I

“r |
|
> |
Q
2k |
|
| NG
N l . )
Q B A -6 & JAo = R

7ime, Ssec
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